Summary box
► The Republic of Sudan is undergoing dramatic political and societal changes which have potential to both improve and harm the health of the population. ► Poverty-associated endemic infectious diseases, nutritional deficiencies and poor perinatal outcomes cause a huge burden of ill health. ► An increasing burden of chronic non-communicable disease, and communicable diseases pose major challenges for to the healthcare system. ► Antimicrobial resistance is widespread and threatens all aspects of the healthcare system. ► Improvements in population health require improvements in multi-sector infrastructure and better data to prioritise the use of resources.
AbSTrACT
A recent symposium and workshop in Khartoum, the capital of the Republic of Sudan, brought together broad expertise from three universities to address the current burden of communicable and non-communicable diseases facing the Sudanese healthcare system. These meetings identified common challenges that impact the burden of diseases in the country, most notably gaps in data and infrastructure which are essential to inform and deliver effective interventions. Non-communicable diseases, including obesity, type 2 diabetes, renal disease and cancer are increasing dramatically, contributing to multimorbidity. At the same time, progress against communicable diseases has been slow, and the burden of chronic and endemic infections remains considerable, with parasitic diseases (such as malaria, leishmaniasis and schistosomiasis) causing substantial morbidity and mortality. Antimicrobial resistance has become a major threat throughout the healthcare system, with an emerging impact on maternal, neonatal and paediatric populations. Meanwhile, malnutrition, micronutrient deficiency and poor perinatal outcomes remain common and contribute to a lifelong burden of disease. These challenges echo the United Nations (UN) sustainable development goals and concentrating on them in a unified strategy will be necessary to address the national burden of disease. At a time when the country is going through societal and political transition, we draw focus on the country and the need for resolution of its healthcare needs.
InTroduCTIon
Sudan has long held a fascination to the outsider, right from the Biblical days of the Kingdoms of Kush and Nubia, through the Ottoman Empire to the Victorian era, where there was joint rule as a Condominium by the United Kingdom and Egypt, until independence in 1956. At independence, the country was considered the breadbasket of Africa and irrigation schemes made the country rich in cotton and other agricultural products. However, decades of mismanagement, the harsh climate and political difficulties have meant that this is now all but vestigial. Notably, a long-standing war of separation between the South and the North led to the splitting of Africa's largest country, when the Republic of South Sudan was born after a UN-approved referendum in 2011 1 (figure 1). The remainder of the country has had further troubles with intermittent famine in both the East and West, long-running conflicts in Darfur (the provinces that make up the western border with Chad) and similar difficulties along the Eritrean border on the Red Sea Coast. These conflicts have added a considerable and constant stream of refugees and displaced people seeking safety in distant parts of the country with the capital Khartoum swelling from a town of barely 150 000 people at independence to a metropolis of 5 million people today. 2 At a time when political change has been affected by popular pressure, and when the politics in Sudan is undergoing transition, focus on Sudan and its medical issues is particularly pertinent.
Though steady progress has been made, communicable diseases are still estimated to cause 30% of deaths in Sudan (Institute BMJ Global Health for Health Metrics and Evaluation data, see table 1), and many challenges remain. As with other countries of the Sahel, schistosomiasis, leishmaniasis and malaria are common, the former having first been noticed in Biblical days when Nubia was considered the 'land of menstruating men', owing to haematuria from Schistosoma haematobium infection. 3 More recently, alarming rates of antimicrobial resistance (AMR) have been noted, which threaten to sustain or even increase the communicable disease burden. Gaps in infrastructure, such as lack of appropriate access to laboratories, limited resources, including inadequate workforce, and the fragility of the healthcare system, contribute to poor implementation of programmes which, in turn, undermines efforts to tackle diseases. Access to safe water is central to communicable disease control and despite encouraging trends in the right direction nationally, 4 inadequate water, sanitation and hygiene still contribute to a high burden of communicable diseases, including diarrhoeal deaths. 5 Adequate access to clean water and sanitation are also essential for limiting the spread of pathogens, reducing the need for antibiotics and preventing the emergence and spread of AMR. 6 As with almost all societies around the world, Sudanese people are becoming more obese with type 2 diabetes and its complications becoming an increasing problem, and non-communicable diseases are accounting for an ever-greater burden on the health system (table 1).
BMJ Global Health
In November 2018, the first scientific symposium was held between University of Khartoum, Ahfad University for Women and Imperial College London. The goal of the 3-day symposium was to address the burden of disease in Sudan by enhancing academic and scientific collaboration. Stakeholder discussions identified three broad themes for the symposium, focusing on areas in which the universities have particular expertise: communicable diseases, non-communicable diseases, women's and children's health and nutrition. This first exploratory symposium brought together academics, clinicians and young researchers from the three institutions. Through a series of keynote presentations, interactive focus groups and workshops, knowledge and ideas were exchanged, complementary research priorities were defined and strategies for future partnerships discussed, all with the goal of tackling key challenges facing the Sudanese healthcare system. This article synthesises the content of these discussions with other published evidence in order to inform and highlight areas in which collaborative efforts may bring particular benefit.
CommunICAble dISeASeS Water and sanitation
Despite encouraging trends in the right direction when it comes to water and sanitation coverage nationally in Sudan, diarrhoeal deaths attributable to lack of adequate water, sanitation and hygiene remain a considerable challenge today. 4 In 2015, 26% of people nationally in Sudan were reported to practice open defecation and a further 30% relied on unimproved forms of sanitation, while access to basic and safely managed drinking water was highly variable, ranging from 30% in North Darfur to 95% in Khartoum. 4 In many parts of the country, inhabitants rely on finding water outside their home, due to the lack of piped water distribution networks. The sources of water are often of dubious chemical and microbial quality. Because of the scarcity of groundwater resources, 7 most people rely on surface water sources or shallow groundwater wells with a high risk of contamination. Water can also become contaminated because of insecure water transportation and storage practices on the way to and within the home. 8 Outside the home, water and sanitation in schools and health facilities are also widely inadequate, especially in rural remote areas. 9 Added to the diarrhoeal burden is the high prevalence of neglected tropical diseases in certain parts of Sudan, such as schistosomiasis in East and South Darfur States, 10 the prevention of which also relies on improvements in household and community water supply and sanitation conditions to complement mass drug administration efforts. 11 12 The precarious water and sanitation conditions are exacerbated further by the country's exposure to extreme climate events. 13 Around 4.6 million people in Sudan are food insecure, but these numbers rise steeply during drought years.
14 Drought is also thought to trigger political conflicts and social instability, which leads to a vicious circle of degrading living conditions and poverty. 15 Future water management initiatives designed to address food and energy insecurity in Sudan, such as new irrigation schemes or dams, should be mindful of the lessons of past projects that were linked to the spread of certain diseases, such as the experience of the Gezira Scheme and schistosomiasis in Sudan several decades ago. 16 Finally, flooding occurs regularly during the rainy seasons, in particular along the borders of the Nile. 16 This is associated with flood-induced public health risks and disease outbreaks such as hepatitis. 17 Addressing these challenges will require increased data collection and ongoing monitoring of the disease burdens and water and sanitation coverage levels, especially in rural regions, and ultimately increased investment in improved water and sanitation facilities and infrastructure. These will require internal political commitment and continued support from external sources such as UNICEF. 4 An additional significant part of the problem in Sudan is that there is a shortage of qualified personnel to operate and maintain the necessary water and sanitation infrastructure, and skilled graduates are lost to other sectors, or they are unwilling to live and work in the remote areas where the problems are most serious. 4 Future efforts aimed towards minimising the health outcomes associated with reliance on poor quality water and poor sanitation conditions must therefore combine technical solutions with sustainable human resource strategies. malaria Plasmodium falciparum malaria is endemic, with an estimated 41 million people at risk of malaria and 1.5 million new cases diagnosed in 2017, representing 35% of the malaria burden in the whole Eastern Mediterranean region. 18 The intensity of transmission ranges from extremely low in Khartoum and the north, to very high in the southwest of the country, 18 with seasonal and unstable patterns dependent on rainfall. In urban settings and irrigated areas transmission can also occur year-round. Naturally acquired immunity is low in much of the population, meaning that all age groups are at risk of symptomatic infection. 19 Consequently, there is a risk for malaria epidemics following heavy rains or floods and rapid increases in mosquito populations. In common with many other countries, national malaria surveys in Sudan showed a decline in national parasite prevalence from 3.7% in 2000 to 1.8% in 2009. However, subsequent increases to 3.3% in 2012 and 5.4% in 2016 were concerning. 20 21 Reductions in funding for malaria control, suboptimal coverage of long-lasting insecticide-treated nets and lower rates of malaria testing and reporting than most other African countries all create challenges for Sudan to meet its goal of 20%-40% reduction in malaria by 2020. 18 A recent change in first-line treatment for malaria, from artemether sulphadoxine-pyrimethamine (which had
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Plasmodium vivax is an emerging pathogen in Sudan, estimated by WHO to account for around 10% of malaria cases nationally, 18 although recent reports indicate up to 40% of hospital cases in the White Nile region 22 and a third of paediatric severe malaria cases in Khartoum 23 are due to P. vivax. The prevalence of Plasmodium ovale and Plasmodium malariae are unknown. Treatment of P. vivax requires additional radical cure of liver hypnozoites, otherwise relapses can ensue. 24 Unfortunately, the main drug for this purpose, primaquine, can cause severe haemolysis in individuals with glucose-6-phosphate dehydrogenase (G6PD) deficiency. The prevalence of this genetic trait is poorly characterised in Sudan 25 and so an increase in P. vivax cases without infrastructure for routine assays of G6PD function creates dilemmas for treatment. Furthermore, primaquine has an additional attractive property for use in Sudan-it kills P. falciparum gametocytes-and mass drug administration of primaquine (with artemisinin combination therapy) to whole populations has been proposed as an intervention to reduce malaria transmission. 26 This approach might be particularly effective in regions of Sudan with short transmission seasons linked to seasonal rainfall. Therefore, characterising the prevalence of G6PD deficiency throughout Sudan seems to be an important priority for malaria control.
Schistosomiasis
While malaria may cause the greatest acute health burden, schistosomiasis is believed to be the most prevalent parasitic infection. Indeed, one of the first ever treatment trials for this disease was conducted in Khartoum. 27 Both Schistosoma haematobium and Schistosoma mansoni are present, and being water-transmitted infections, their epidemiology is strongly associated with proximity and exposure to natural freshwater sources. 10 28 National control efforts, through mass drug administration, have previously been restricted by a paucity of epidemiological data to support their targeting. 29 A recent nationwide survey of over 100 000 school children has now provided compelling evidence to support introduction of mass drug administration programmes and identified modifiable risk factors. The overall prevalence of S. haematobium infection was 5.2%, and S. mansoni 0.06%, but ranged much higher in East Darfur state where S. haematobium prevalence reached over 25%. 10 Previous reports have identified even higher focal prevalence; for example in some schools of the White Nile region, 46.5% of sampled children were infected (45% S. haematobium, 5.9% S. mansoni and 4.4% mixed infection). 28 Frequent contact with bodies of water was a major risk factor, whereas using latrines at home and school was protective. 30 leishmaniasis Cutaneous leishmaniasis is widespread with 93% of the population considered at risk, but visceral disease is more geographically restricted to southern, eastern and central regions, with about 25% of the population considered at risk. 30 31 Despite the large number of individuals at risk, the incidence is relatively low, and the WHO estimates there are approximately 3000 cases per year of visceral leishmaniasis and 3500 of cutaneous leishmaniasis. 31 There have historically been outbreaks of cases associated with population movements from endemic parts of the country into previously non-endemic regions, although densities of both vector sandflies and reservoir animals (Nile rats) are additional determinants of incidence. 31 Cutaneous leishmaniasis in Sudan is caused by Leishmania major, whereas visceral disease is caused by Leishmania donovani, with recent serological studies indicating that there may be different strains of L. donovani in distinct geographical regions. 30 Although leishmaniasis is a notifiable disease in Sudan, the burden of visceral disease may be underestimated, because definitive diagnosis is relatively difficult. Gold-standard diagnosis by detection of the parasite in tissue specimens is not possible in most rural health facilities. Rapid serological tests provide an alternative, but the rK39 antigen-based test has proven less sensitive in Sudan than in the Indian subcontinent 32 and the test has a relatively short shelf-life which can make it uneconomical to keep supplies outside of major centres. 33 Ongoing work has been seeking to address the need for cheap, sensitive, specific and sustainable rapid diagnostics for Sudanese visceral leishmaniasis, which will help to better define disease burden, identify cases for prompt treatment and potentially allow confirmation of post-treatment cure. [32] [33] [34] Antimicrobial resistance Prevention strategies are key to the control of the emergence and spread of AMR. These include vaccination, access to water and sanitation (discussed earlier) and effective infection prevention and control procedures. Inadequacies across the healthcare system hamper prevention efforts. Furthermore, there is limited published literature on AMR surveillance or antibiotic use from Sudan. 35 Recent reports document worryingly high rates of multi-drug resistance in some hospital settings. 35 36 Up to 92% of urinary Escherichia coli clinical isolates have been reported to be multi-drug resistant. 37 In a study in Khartoum investigating the knowledge and perception of hospital doctors on the importance and causes of spread of AMR, while inappropriate antibiotic use was widely accepted as one of the causes of AMR, inadequate handwashing was only recognised as a factor for its spread by one third of the 350 physicians surveyed. 38 There is widespread antibiotic prescribing by healthcare professionals in hospitals, with up to 65% of patients receiving antibiotics, including 45% of patients with malaria, inappropriately prescribed antibiotic. 36 Inappropriate surgical prophylaxis and postoperative use BMJ Global Health are major sources of antibiotic consumption. 39 40 One study, investigating antibiotic prophylaxis in a teaching hospital in Khartoum found 97% of patients undergoing surgery had extended duration of surgical prophylaxis. 39 Infections in maternal and neonatal and paediatric surgical pathways are an additional concern. Female genital mutilation is widely practiced, and this practice leads to severe complications during delivery, often requiring deinfibulation, carried out by non-medical healthcare professionals. 41 As a result, the maternal sepsis rate is among the highest in this part of the world, presenting as one of the key causes of morbidity and mortality after childbirth. 42 43 Acute malnutrition is another major risk factor for sepsis, primarily in infants and children, and Sudan has one of the highest rates of malnutrition in the Middle East and North Africa. Malnutrition in children under the age of 5 years is reported to be 16% with very high rates of infection reported in this population. 44 Governmental support and commitment for initiatives to target AMR is are necessary for implementation and sustainability. In July 2017, Sudan became one of the first countries in Africa to draft a National Action Plan (NAP) for AMR. 45 Drafted in collaboration between WHO and the Sudanese Ministries of Agriculture and Forestry, Health, Animal Resources and Fisheries, this NAP showed a commitment from the Government to the one health approach. It is imperative to make the most of this initiative and commitment and develop sustainable pathways to solve the burgeoning challenge of AMR. Through existing networks, collaborations and shared experiences there are many opportunities for bi-directional learning from existing successful programmes in other low-and middle-income countries (LMICs). The key issues to address in relation to AMR are to 1 : ensure the one health approach to implementing the NAP is carried out to address the human, animal and environmental (eg, water and sanitation) drivers for AMR 2 ; develop systems for surveillance and research to optimise antibiotic use across the healthcare economy 3 ; raise awareness and understanding of AMR 4 ; understand the contextual factors that can be addressed to ensure the sustainable implementation of the NAP 5 ; through a more broad perspective understand the cultural behaviours, including FGM, that contribute to poor infection-related outcomes for vulnerable maternal and paediatric populations.
non-CommunICAble dISeASeS diabetes and obesity
Despite the division from South Sudan in 2011, Sudan remains one of the largest countries in Africa with a population just over 40 million. 46 The prevalence of diabetes in the northern part of the country is estimated to be around 20% of the population. 47 The increase in incidence of diabetes can be attributed to features of urbanisation such as an increase in the prevalence of obesity, a lack of physical activity through reduced manual labour and an increase in consumption of refined carbohydrates and high sugar intake. [48] [49] [50] In one study evaluating attendance to clinic for type 2 diabetes, 85% of patients were found to have poor control and a high prevalence of complications was observed. 51 In this population hypertension was found in 40%, myocardial infarction in 6%, peripheral neuropathy in 68%, retinopathy in 73% and diabetic foot in 13%. 51 Hypercholesterolaemia and hypertriglyceridaemia were noted in 60% and 33%, respectively, while low levels of high-density lipoprotein cholesterol were found in 53%. In a separate study, over one-third of patients with diabetic retinopathy were found to have nephropathy. 50 Thus, a high prevalence of diabetes-associated renal disease is likely in Sudan, and it is particularly concerning because the country has very few resources to deal an impending epidemic of end-stage renal disease. The emerging data showing widespread AMR have particularly grim implications for those who will need frequent hospital treatment for complications of diabetes, obesity and renal failure.
Cancer
Like other major non-communicable diseases, the prevalence and burden of cancer in Sudan appear to be increasing. 52 The most common cancers in females are breast cancer, followed by uterine cervical cancer and ovarian cancer. 52 53 In males, the most common malignancies were prostate cancer, leukaemia, lymphoma and colorectal cancer. 52 In common with many other African countries, the high burden of some infections, which promote tumour development, such as human papilloma virus, Epstein Barr virus and schistosomiasis, contributes to the cancer burden. 52 Despite the expanding population of more than 40 million, there are only two major cancer centres in the country: Khartoum Oncology Specialized Center in the capital, and the National Cancer Institute in Gezira State, central Sudan. These limited resources have led to the development of other smaller facilities addressing the increasing numbers of breast cancer in Sudan, such as the Khartoum Breast Care Center, a centre of excellence, but without a radiation therapy unit. Though a central cancer registry was first founded in the 1960s and was reinstated in 2009 53 the lack of a comprehensive national surveillance system for cancer has held back better understanding of the epidemiology and outcomes of cancer in the country. Furthermore, relatively little is known about the underlying biology of some of the most common cancers in Sudan, although a few studies have hinted that there may be unique features in this population. 52 54 To promote better understanding of the biological basis of cancers in Sudan, and ultimately improve their treatment, there is a need for a national biobank as a central repository for tissues and other samples from cancer patients.
mATernAl And CHIld HeAlTH While many outsiders equate Sudan with traditional practices of female circumcision and accompanying high BMJ Global Health maternal and neonatal mortality rates, childhood malnutrition remains a significant issue not only in displaced people from war and conflict but also in many rural communities, where there is limited access to medical care. Rates of adverse perinatal outcome and associated disability are high in Sudan, as in many countries in sub-Saharan Africa. 55 56 Maternal mortality is often associated with infection, haemorrhage, pre-eclampsia or obstructed labour, while preterm birth accounts for the majority of infant deaths. 56 Despite this, variations in perinatal epidemiology are poorly described in the country. For example, although preterm birth is stated to be the most important cause of infant mortality, most data are estimates, based on birth weight which may be confounded by fetal growth restriction. 57 A 2013 publication described Sudan as having 'made insufficient progress to achieve Millenium Development Goal 4 and having levels of child and infant mortality that are among the highest in the region and the world'. 58 The current infant mortality rate is 60 per 1000 live births and the under-5-year mortality rate is 82 deaths per 1000 live births. 58 59 The neonatal mortality rate is also high, ranging from 34 to 47 per 1000 births 59 with a maternal mortality rate of 311 deaths/100 000 live births. 58 The preterm birth rate in Sudan is estimated to be 13.3%<37 weeks of gestation ( everywomeneverychild. org). Accurately defining perinatal outcomes and relating them both to events in the pregnancy and to the eventual infant outcomes is a critical step in the development of interventions to improve perinatal and population health.
Maternal health and nutrition are also important for foetal neurological development, and the high prevalence of iodine deficiency in Sudan 60 is likely to have a significant impact on neurodevelopmental outcomes. Populations living inland, distant from the sea, are at particularly high risk, while there is little or no iodine deficiency to be seen in the fishing villages of the same regions. 61 Data from Sudan describing deficits of docosahexaenoic acid (DHA) (an omega-3 fatty acid that is a primary structural component of the human brain, cerebral cortex, skin and retina) in maternal and cord blood and breast milk in a population at high risk due to iodine deficiency prompt the thought that the coexistence of iodine and DHA deficiency may be extremely common in inland areas of the country. 62 Both DHA and iodine coexist at their richest in the marine food web 63 and deficiencies of either can impair foetal and infant brain development. 64 While the situation has improved in some affected regions, iodine deficiency remains widespread and attention to the DHA requirements may also be required for optimal developmental outcomes.
ConCluSIon
This paper provides a summary of the proceedings of a 3-day scientific symposium and does not represent a systematic review of the existing research in the themes included. However, the symposium brought together extensive academic and clinical expertise and provided a unique perspective on the current challenges and gaps in the Sudanese healthcare system.
The burden of disease in Sudan is affected by poverty and is complicated by geography, politics, armed conflict and not infrequently, mismanagement. At a time when the political landscape is in transition, the burden of communicable disease in the country remains high, and non-communicable diseases look set to increase. The problems, however, are not all intractable. The symposium and workshops held in Khartoum in November 2018 highlighted strategies to improve the situation with relatively limited resources. Many of these have the common theme of collecting high quality and nationally representative data to better understand the problems and prioritise the use of scarce funding, and the need for achieving governmental support to implement improvements in healthcare.
The WHO Sustainable Development Goals should be achievable despite previously poor implementation and organisation of WHO directives. The developed world needs to work with Sudan, not only at a governmental level but also through professional bodies to support the well-qualified healthcare workforce and foster capacity building for research and development through partnerships with external funders and academic institutions across the world. There are also opportunities for bi-directional learning from other LMICs. The Khartoum conference highlighted opportunities for collaborations and workforce development to engender sustained change. The current situation in Sudan and how it unfolds will be critical in determining the evolution of healthcare distribution and also engineering societal change in the future of the country. We remain hopeful that global politics does not hinder the fundamental transformations that are needed for the current and future health of the nation.
